Background: This retrospective cohort study evaluated whether manual lymphatic drainage (MLD) therapy increases the risk of recurrence of breast cancer. Methods: We analyzed 1,106 women who were diagnosed with stage 0 -3 breast cancer between 2007 and 2011 and experienced remission after surgery and adjuvant therapy. The patients were divided into two groups: group A (n=996), in which patients did not participate in any MLD therapy, regardless of whether they developed breast cancer-related lymphedema (BCRL) after cancer treatment; and group B (n=110), in which patients participated in MLD therapy for BCRL. All patients were monitored until October 2013 to determine whether breast cancer recurrence developed, including local or regional recurrence and distant metastasis. Patients who developed cancer recurrence prior to MLD therapy were excluded from analysis. Risk factors associated with cancer recurrence were evaluated using Cox proportional hazards models. Results: During the monitoring period, 166 patients (15.0%) developed cancer recurrence, including 154 (15.5%) in group A and 12 (10.9%) in group B. The median period from surgery to cancer recurrence was 1.85 (interquartile range 1.18-2.93) years. Independent risk factors for cancer recurrence were tumor histological grading of grade 3, high number (3) of axillary lymph node invasion, and a large tumor size (5 cm). Factors protecting against recurrence were positive progesterone receptor status and receiving radiation therapy. Receiving MLD therapy was not an outcome factor in multivariate analyses (hazard ratio 0.71, 95% confidence interval 0.39-1.29, P=0.259). Conclusion: MLD is a gentle procedure that does not increase the risk of breast cancer recurrence in patients who develop BCRL.
Introduction
Breast cancer is the most common cancer and the leading cause of cancer death in women worldwide. 1 In Taiwan, breast cancer accounted for 25% of cancer diagnoses and 12% of cancer deaths in women in 2011. 2 In patients with newly diagnosed breast cancer, 61% have localized disease confined to the primary site, 32% have tumor spread to regional lymph nodes (LNs), and 5% have metastatic disease. 3 Approximately one third of all breast cancer patients suffer local recurrence within 10 years of diagnosis, and most cases occur within 5 years. 4 Risk factors for breast cancer recurrence include a large tumor size, moderate or poorly differentiated histological grade, LN involvement, advanced cancer staging, and negative hormone receptor status.
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hsiao et al in the upper limb and shoulder and substantially affects quality of life. 8 Complex decongestive therapy has been considered as the primary treatment for BCRL. 9 Complex decongestive therapy improves the lymphatic flow of an affected limb using various techniques including meticulous skin care, multilayer bandaging, compressive garments, remedial exercises, and manual lymphatic drainage (MLD). 9 Bandaging and garments restore hydrostatic pressure and prevent reaccumulation of lymph. Exercise increases lymph flow through muscle contraction around the lymphatics. MLD applies light strokes to mimic the pumping action of lymphatic vessels and directs lymph flow from blocked to open lymphatics. 10 MLD is a gentle massage technique that follows the anatomic lymphatic pathways of the body. The technique is administered in a descending manner and produces a pressure of 40 mmHg on the skin, stimulates the intrinsic contraction of smooth muscle cells in the lymph vessels, and eliminates congested lymph from regional LNs to the lymphatic trunks. 11 A lymphoscintigraphic study showed that MLD produces movement of lymph fluid in the ipsilateral and contralateral lymphatics, indicating the effectiveness of the technique in stimulating accessory routes useful for resolution of lymphedema. 12 MLD has been widely used in managing BCRL; however, the potential risk of cancer metastasis because of MLD has received little attention in previous research. Invasion of tumor cells into lymphatic vessels is a critical step in the metastasis of breast cancer. Although MLD facilitates lymphatic drainage, it may increase the opportunity for tumor spread through the lymphatics, thereby increasing the risk of recurrence of breast cancer.
This study investigated whether patients with breast cancer who developed BCRL and then received MLD therapy had a higher risk of breast cancer recurrence at follow-up compared with those who received no MLD therapy.
Materials and methods
Data source
We conducted a retrospective cohort analysis based on cancer registry data from Chi-Mei Medical Center (CMMC). This registry has prospectively collected and followed up cancer patients diagnosed at CMMC since 2002 and the center's Liou-Ying branch since 2006. The demographics, diagnoses, and clinical characteristics of cancers, types of cancer treatment (operation, chemotherapy, or radiation), responsiveness to treatment (remission, recurrence, or metastasis), and outcome (survival or death) were recorded.
Additional clinical information not included in the registry was obtained retrospectively from medical charts. The CMMC institutional review board reviewed the medical ethics and approved this study before its commencement.
Patients
This study comprised women who were newly diagnosed with stage 0-3 breast cancer between January 1, 2007 and December 31, 2011, underwent tumor resection and axillary LN dissection as primary therapy, and achieved remission (defined as complete excision of tumor with a cancer cellfree surgical margin, and without clinical evidence of tumor recurrence by day 180 post surgery in this study). A total of 1,122 women fulfilled our inclusion criteria during the study period. After exclusion of 16 patients who were lost to follow-up by day 180, the remaining 1,106 patients qualified as our study population, and were monitored until October 31, 2013 to determine whether breast cancer recurred.
To determine if MLD therapy contributed to recurrence of breast cancer, the patients were divided into two groups: group A, in which patients received no MLD therapy during the study period, including patients with no BCRL and patients who developed BCRL after surgery but refused to receive MLD; and group B, in which patients received MLD therapy because they developed BCRL during the study period. The decision whether to receive MLD therapy is based on the discretion of patients. All of the patients in each group who developed BCRL were evaluated to ensure that BCRL was not a result of cancer recurrence, and the severity of lymphedema (stage 1, 2, or 3) was rated based on the criteria defined by the International Society of Lymphology. 13 
MlD as a rehabilitation intervention
A specialized physiotherapist administered MLD based on the Casley-Smith method to breast cancer patients who developed BCRL.
14 An MLD session was initiated at the center of the neck and trunk to clear the main lymphatic pathways, followed by massage of the upper limb to facilitate lymphatic flow from an affected limb to an unaffected area. 15 Each MLD session lasted for 30 minutes and was administered twice a week on an outpatient basis. The total number of MLD sessions varied depending on the clinical condition of the individual patient.
Outcome
The outcome of this study was the recurrence of breast cancer confirmed by pathological, radiological, or clinical evaluation between the date of surgery and October 31, 2013 
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Risk of breast cancer recurrence after MlD study, recurrence included local, regional, and locoregional recurrence as well as distant metastasis. Local recurrence was defined as the reappearance of cancer in an ipsilateral preserved breast. Regional recurrence referred to a tumor involving the ipsilateral regional LNs, including the ipsilateral axillary, supraclavicular, infraclavicular, and internal mammary LN groups. Locoregional recurrence indicated a recurrence in either the breast or regional nodal basin. Distant metastasis implied that a tumor has spread to distant body parts.
Variables of interest
The variables of interest in this study were categorized as patient-related, disease-related, and treatment-related. Patient-related variables were age at diagnosis of breast cancer, body mass index, smoking and alcohol consumption history, and menstrual status. Disease-related variables were the TNM (tumor, node, metastasis) Classification of Malignant Tumors stage (stage 0-3), histological grade (grade 1-3), pathological classification (carcinoma in situ or invasive cancer), number (0-2 or 3) of axillary LNs involved, estrogen receptor, progesterone receptor, and human epidermal growth factor receptor 2 (HER2) status, and tumor size. Treatment-related variables were type of surgery (breast-conserving surgery, mastectomy, modified radical mastectomy) and receiving adjuvant treatment (radiation therapy, chemotherapy, hormonal therapy). TNM staging was based on the 6th edition of the American Joint Committee on Cancer Staging Manual, 16 and histological grading was based on the Nottingham Score for breast cancer. 17 
statistical analysis
Patient-related, disease-related, and treatment-related variables were summarized using descriptive statistics. Continuous variables were expressed as the mean and standard deviation or the median with interquartile range when appropriate. We compared the various patient groups using the independent-samples t-test for patient age and body mass index, and the Kruskal-Wallis test for time to cancer recurrence. We analyzed the categorical variables using Pearson's chi-squared test or Fisher's exact test and the log-rank test. These categorical variables included age group (65 or 65 years), body mass index (27 or 27 kg/m 2 ), history of smoking (no or yes), history of alcohol consumption (no or yes), menstrual status (reached menopause or not), TNM stage (0-1 or 2-3), histological grade (grade 1, 2, or 3), pathological classification of tumor (carcinoma in situ or invasive cancer), number of axillary LNs involved (0-2 or 3), estrogen receptor and progesterone receptor status (negative or positive), HER2 status (0 or 1+ as negative, 2+ as borderline, and 3+ as positive or overexpression), tumor size (2, 2-5, or 5 cm), type of surgery (breast-conserving surgery, mastectomy, modified radical mastectomy), and receiving adjuvant radiation therapy, chemotherapy, or hormonal therapy (no or yes). Univariate and multivariate Cox proportional hazards regression models were used to evaluate the relative prognostic significance of the variables in predicting recurrence of breast cancer. Based on one-year steps, the entry time was the date of breast cancer surgery, and the exit time was the date of cancer recurrence during follow-up. All of the variables in the univariate analysis were included in the multivariate analysis. The results of the multivariate analysis were adjusted for all of the aforementioned variables and are presented as hazard ratios (HRs) and 95% confidence intervals (CIs). The probability of breast cancer recurrence over time was estimated using the Kaplan-Meier method and compared using a log-rank test. Statistical significance was set at P0.05 for all analyses, which were conducted using Statistical Package for the Social Sciences version 19.0 software (SPSS Inc., Chicago, IL, USA).
Results
The 1,106 participants comprised 996 patients (90.1%) in group A, who received no MLD therapy during the study period, including those with no BCRL (n=961) and those who developed BCRL after surgery but opted not to receive MLD (n=35), and 110 patients (9.9%) in group B, who developed BCRL during follow-up and received MLD therapy. Of the 35 patients who developed BCRL in group A, 62.9% had stage 1 lymphedema, 28.6% had stage 2 lymphedema, and 8.6% had stage 3 lymphedema; these percentages were similar to those observed in group B (66.4%, 30.9%, and 2.7%, respectively, P0.05). In group B, the median number of MLD sessions was 31 (interquartile range 12-84), and lymphedema improved in 63 patients (57.3%) after MLD therapy. Table 1 presents the patient demographics and clinical characteristics. Most of the demographic and clinical features did not differ between the groups, except that a higher percentage of patients in group B received radiation therapy ( Table 1) .
The patients were monitored post surgery for a mean duration of 3.33±1.55 (range 0.50-6.86) years. During follow-up, 166 patients (15.0%) developed cancer recurrence. Of these patients, 24 had local recurrence, eight had regional recurrence, two had locoregional recurrence, and 132 had distant metastasis (distant metastasis alone, n=102; both distant metastasis and Table 3 ). The following variables were associated with a reduced risk: positive progesterone receptor status (HR 0.63, 95% CI 0.41-0.98, P=0.041) and receiving radiation therapy (HR 0.54, 95% CI 0.37-0.80, P=0.002, Table 3 ). KaplanMeier plots indicated that the patients in group A and group B did not differ with regard to the risk of cancer recurrence (P=0.182, log-rank test, Figure 1) . Because a higher percentage of patients in group B received radiation therapy (Table 1) , this therapy could be a confounder with regard to cancer recurrence. Therefore, we conducted a stratified analysis ( Table 4 ). The results showed that MLD has no effect on cancer recurrence regardless of whether radiation therapy was administered (HR 0.47, 95% CI 0.15-1.53 for those who received radiation therapy; HR 0.94, 95% CI 0.46-1.92 for those who did not).
Discussion
In this study, we analyzed two groups of breast cancer patients in remission after treatment for the disease. Group A comprised patients who received no MLD therapy, including patients with and without BCRL, and group B consisted of patients who developed BCRL during the monitoring period and thus received MLD therapy. Compared with group A, group B contained more patients receiving radiation therapy, which is known to contribute to lymphedema and accounts for why these women developed BCRL. We observed no difference in the rate of cancer recurrence between group A and group B (15.5% versus 10.9%, Table 2 ). Multivariate analysis identified several risk factors and protective factors; the risk factors were those associated with tumor invasiveness and protective factors were those related to cancer treatment. These factors were consistent with those reported in the literature. 4, 5 In contrast, MLD was neither a risk factor nor a protective factor for recurrence. The clinical relevance of this finding is discussed in the following subsections.
Mechanisms of cancer invasion and spreading
Hypoxia is a critical feature of the tumor microenvironment that promotes invasion and metastasis of solid tumors as well as resistance to treatment. Low oxygen tension inside the tumor core activates hypoxia-inducible factors, which activate the transcription of numerous other factors, including vascular endothelial growth factor. These factors are proangiogenic, forming new vasculature with an abnormal structure and high 
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Risk of breast cancer recurrence after MlD Figure 1 Kaplan-Meier plot for proportion of breast cancer recurrence estimated for patients on different treatment schedules. Notes: group a includes patients who did not receive manual lymphatic drainage and group B includes patients who received manual lymphatic drainage due to breast cancer-related lymphedema.
permeability, which facilitates the intravasation of tumor cells into the circulation. 18 In addition, vascular endothelial growth factor stimulates intratumoral lymphangiogenesis. These local lymphatics are immature and dysfunctional, leading to sequestration of interstitial fluid within tumors and an increase in intratumoral interstitial fluid pressure. These pathological changes place mechanical stress on the surrounding extracellular matrix and promote peritumoral lymphangiogenesis, which facilitates the dissemination of shed tumor cells from a primary tumor into locally draining (sentinel) LNs. 19 Obstruction of lymphatic flow at the sentinel LNs by tumor cells further stimulates LN lymphangiogenesis. These newly formed lymphatic vessels serve as additional routes for circulating cancer cells for distant LN metastasis. 20 Because hypoxia is a mediator of the metastasis cascade, treatments that "normalize" or improve the circulatory and metabolic profile of a tumor microenvironment may stabilize the tumor structure and reduce tumor cell shedding and invasion. 21 In addition, improvement in a tumor microenvironment can increase the efficacy of cancer therapy and that of effector immune cells. 21, 22 Risks and benefits of MLD The potential risk of cancer cell spreading because of MLD remains controversial. Mechanical manipulation, such as MLD, has been hypothesized to compress tumors and increase cancer cell shedding. Consistent with this theory, an animal study involving real-time lymphatic imaging demonstrated that the number of tumor cell fragments, cells, and emboli in the lymphatics increased significantly when heavy pressure was applied to the tumor. 23 However, no compelling clinical evidence has suggested that light pressures, such as those generated by MLD (40 mmHg), could trigger substantial tumor cell shedding. If a tumor is this susceptible to mechanical force, any type of exercise program should be prohibited in cancer patients because of the risk of spreading the disease. Consistent with this viewpoint, a recent study showed that mammographic breast compression, which exerted a mean pressure of 6.8 kPa (51.0 mmHg) on the tumor and 3.4 kPa (25.5 mmHg) on the breast, did not increase the number of circulating breast cancer cells in venous blood. 24 Other debates regarding MLD include whether it facilitates spread of cancer by opening of lymphatic routes and whether it increases the success rate of implantation by pushing and lodging cancer cells inside capillaries or lymphatics. Even if these statements were true, the circulating cancer cells may not survive. For example, most shed tumor cells are nonviable, apoptotic, and nonclonogenic. 25 The conduit size of capillary bed or lymphatic vessels trap the tumor cells, 26 and this confined environment offers no survival advantages. 27, 28 In addition, MLD has other functional benefits, including favorable tissue circulation and oxygenation as well as an improvement in lymphatic contractile function. 29 As mentioned, better tissue oxygenation can improve the tumor microenvironment and increase the efficacy of anticancer treatment. An improvement in lymphatic drainage can facilitate the immune response 30 and thereby increase exposure of tumor cells to the host immune system. These benefits may compensate for the potential disadvantages of MLD.
After weighing all of the pros and cons of MLD, we consider that MLD is "neutral" with regard to cancer recurrence and metastasis. Metastatic potential is governed primarily by the biological nature of the cancer cells rather than a passive mechanism. Therefore, clinicians and patients should not hesitate to select MLD when BCRL develops. Additional studies are required to demonstrate how to optimize the benefits of MLD and avoid potential harm to the cancer patient.
limitations
Our study had several limitations. First, the case number in group B was much smaller than in group A; therefore, type II errors could not be avoided when analyzing the risk factors for cancer recurrence. In addition, the number of confounders that can be adjusted in Cox proportional hazards analysis depends on the sample size. 31 Second, this was a retrospective study based on a hospital sample. Extrapolating our results 
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Risk of breast cancer recurrence after MlD to all breast cancer patients would be challenging. Third, the cancer registry may not have included all variables associated with breast cancer recurrence; therefore, estimates from multivariate analysis are subject to confounding bias. To reduce this bias, we endeavored to incorporate most clinically critical variables in our analyses by reviewing medical charts. Fourth, we could not access information at other hospitals, so could not exclude the possibility that patients in group A received treatment in lymphedema control programs outside our hospital. Finally, patients in groups A and B were similar at baseline except that more patients in group B received adjuvant radiation therapy. Because radiation therapy could reduce the risk of breast cancer recurrence, any adverse effect of MLD on cancer recurrence in group B, if present, might be mitigated by this treatment. However, the stratified analysis (Table 4) indicated that the baseline difference between the groups did not substantially affect the outcome.
Conclusion
MLD therapy is a safe procedure that does not increase the risk of disease recurrence in breast cancer survivors who developed BCRL after surgery, axillary LN dissection, and adjuvant therapy.
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